It has been demonstrated that desoxyribonucleoprotein (DNA protein) 4 is a major constituent of the purulent exudates of patients, and plays a significant part in determining the exudate's character, viscosity, and amount of sediment (1, 2).
(Fromii the Department of Medicine of the New York University College of Medicine and the Third Medical Division of Bellevue Hospital, New York City) ( Submitted for publication July 10, 1950 ; accepted, September 18, 1950) It has been demonstrated that desoxyribonucleoprotein (DNA protein) 4 is a major constituent of the purulent exudates of patients, and plays a significant part in determining the exudate's character, viscosity, and amount of sediment (1, 2) .
Biochemical and cytological studies from our laboratories have localized the DNA protein of the purulent exudate as occurring in the nuclei of living and degenerating cells; and extracellularly, both as an insoluble increment of the sediment and as a soluble, partially depolymerized component of the supernatant (2) (3) (4) . Recent studies have indicated that the extracellular DNA protein (both in supernatant and sediment) is derived from the degeneration of the cellular elements of the exudate, and accumulates to a significant extent in areas of infection which are poorly draining and not undergoing extensive bacterial enzymatic breakdown (3, 4) .
The local injections of streptococcal enzyme concentrates containing streptodornase or SD (streptococcal desoxyribonuclease) (5) into sites of purulent exudation, produces a rapid degradation of the DNA protein (2, 6) and is often associated with a striking clinical improvement of the local area of infection (7) . Streptodornase rapidly depolymerizes the extracellular DNA protein of the exudate and the DNA protein of the degenerating cell, but does not affect the DNA protein of the living cell (3) . It has been postulated that streptodornase probably does not penetrate the 'DNA has been employed in this article as an abbreviation of desoxyribonucleic acid. 2 This study was supported by a grant from the National Institute of Health, United States Public Health Service. 3 Read at the Forty-Second Annual Meeting of the American Society for Clinical Investigation, Atlantic City, May 1, 1950 . 4 DNA protein has been employed in this article as an abbreviation of desoxyribonucleoprotein. viable cell, but readily diffuses into the degenerating cell.
Since streptodornase has its action on desoxyribonucleic acid (DNA) the purpose of the present study was to investigate the extent of the degradation of DNA brought about by this material in purulent exudates. First, highly polymerized DNA is broken down by a depolymerase to acid soluble oligonucleotides. The beef pancreatic DNASE purified by McCarty and crystallized by Kunitz acts in this fashion (8, 9) . Next the oligonucleotides are split into mononucleotides by a polynucleotidase (10) . The mononucleotides are complexes of a purine or pyrimidine base joined to desoxyribose, which in turn is linked to phosphate. Inorganic phosphorus is then split off the mononucleotide by a nucleotidase, with the liberation of nucleosides ( 11 ). The latter are attacked by a purine nucleosidase with the liberation of the free purine bases, adenine and guanine; and by a pyrimidine nucleosidase with the liberation of the pyrimidine bases, cytosine and thymine (12) . The sugar moiety is believed to be split off by a phosphorolytic cleavage (13 (14) .
Pancreatic desoxyribonu iclease (pancreatic DNASE) .6 A crystalline product prepared from beef pancreas by the method of Kunitz (9) Ten u'l. of the fluid to be studied, were deposited from a calibrated pipette at the starting point of a lane, and allowed to dry.7 A n-butanol: 1 N ammonia (7: 1) solvent system was used. The solvent front was allowed to run approximately 30 cm. before the papers were withdrawn from the chamber and hung up inverted, to dry. Only nucleosides and free purine and pyrimidine bases moved out from the starting point with this solvent system. They were recognized as ultraviolet absorbing spots by scanning the paper in the dark with a filtered ultraviolet lamp emitting at 2537A, according to the method of Carter (22) . The papers were photographed in the ultraviolet for permanent records (23 Hotchkiss' detailed data on the characteristic U.V. absorption spectra of purines, pyrimidines and nucleosides, in 0.1 N acid and alkali served as a reference (21 It will be noted that four spots have moved out from the acid and enzyme hydrolysates. In the complete acid hydrolysate, in lane 3, these spots have been identified from above downwards by their Rf values and absorption spectra as guanine, cytosine, adenine, and thymine. Note the typical adenine crescent in the presence of perchlorate. In lane 2 which contained the enzyme substrate mixture, the first and third spots have the same Rf values and absorption spectra as guanine and adenine. The second and fourth spots do not move as far as cytosine and thymine, and their absorption spectra were found to be characteristic of the pyrimidine nucleosides, cytidine and thymidine.
Many experiments of this type have been made with incubation periods varying up to 72 hours. The end products have been consistently similar to those described above, though the amount liberated has varied directly with the time of enzyme substrate interaction. The DNA molecule appears to be split into guanine, adenine, cytidine, and thymidine by streptodornase.
B. The action of streptodornase on DNA in purulent exudates Although exudates, removed from sterile areas or sites of low grade infection, have been found to have little to no effect on highly polymerized DNA, the action of streptodornase on DNA in purulent exudates is accelerated and modified by other enzymes present in the exudate itself. By using ribose mononucleotides as substrates, we have been able to demonstrate that sterile exudates removed from the thorax contain several enzymes capable of degrading these mononucleotides. A nucleotidase has been consistently found even in relatively acellular exudates, and can be readily demonstrated in the blood serum as well. Specific nucleosidases and deaminases have been observed, but have varied with the exudate studied. The latter enzymes appear to be associated with the cellular elements since they are not demonstrable in the supernatant of the exudate, or in blood serum; but they are present in cellular exudates and in whole blood. Similar enzymes are present in exudates for degrading the breakdown products of streptodornase action.
The combined action of streptodornase and the 12 3 enzymes of a thin sero-purulent exudate ' on the degradation of DNA is illustrated in the ultraviolet photograph shown in Figure 4 .
For this experiment, the following mixtures were incubated for 24 hours at 37°C. and then chromatographed by the procedure previously described: Figure 4 . The enzymatic degradation of DNA by streptodornase in these exudates is also compared in Figure 5 Streptodornase breaks the highly polymerized complex DNA molecule into the purine bases and the pyrimidine desoxynucleosides as previously noted. In the presence of SD and an exudate, it has been found that the purine desoxynucleosides may be converted into hypoxanthine; and of the pyrimidine desoxynucleosides, cytidine may be degraded into uracil and thymidine split to thymine.
DISCUSSION
The extensive splitting of DNA by streptodornase in vitro, when compared to the schema shown in Figure 1 , implies that streptodornase consists of a group of enzymes rather than a single enzyme. This is not an unreasonable viewpoint when one considers the various types of cleavages involved in releasing free purine bases from DNA. This is further substantiated by unpublished observations of differences in pH and Mg concentration optima for depolymerase and nucleotidase activity of the streptococcal concentrate. It may be concluded that streptodornase contains a DNA depolymerase, a desoxypolynucleotidase, a desoxynucleotidase, and a purine desoxynucleosidase. No attempt at separating these different enzymes has as yet been made.
We have no evidence to date that the end products described in this report as resulting from streptodornase action in sitro, accumulate to any significant extent in vivo. Our studies in empyemas suggest that the acid soluble nucleotides formed early in the course of streptodornase action are fairly readily absorbed from the site of inflammation (2) . However, further studies of the products accumulating at the site of disease following streptodornase therapy are contemplated with a view toward determining whether they are related to the beneficial effects observed.
SUMMARY AND CONCLUSIONS 1. Biochemical studies, employing paper chromatography and ultraviolet absorption spectra, have been made of the extent of degradation of DNA by streptodornase.
2. DNA is extensively split by streptodornase, with the liberation of free purine bases (adenine and guanine), and pyrimidine desoxynucleosides (cytidine and thymidine).
3. It is concluded that streptodornase consists of several nucleolytic enzymes rather than a single enzyme.
4. In purulent exudates, the enzymatic action of streptodornase on DNA is enhanced and modified by the nucleotidases, nucleosidases, and deaminases which may be present in the exudate itself.
